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Summary 
Re-evaluation of the current authorized levels of Cu and Zn in animal rations has been initiated by 
the European Union (EU). The physiological requirements should be the basis for the future 
maximum authorized dietary levels for minerals in the EU, resulting in lowering of these maximum 
levels. Based on an earlier study, the basis of the recommendations for Cu and Zn of dairy cattle, 
growing pigs, and broilers as used by different countries seemed to be questionable. These 
recommendations are based on research at relatively low animal production levels as compared 
with the current Dutch situation. Therefore, a survey of the scientific literature underlying the 
recommendations of ARC, NRC, DLG, COMV, and INRA was carried out, together with other 
reports on dietary Cu or Zn requirements of the animal categories mentioned. 
Only reports using Cu (< 50 mg/kg), Zn (< 200 mg/kg), and Ca (< 14 g/kg) concentrations 
comparable with more or less practical levels were included in this study (for cattle, the values 
reported are expressed on DM basis). Experiments without any added trace elements were 
excluded from this study, because of a possible deficiency of essential trace minerals. By means of 
regression analysis and broken line analysis of physiologically relevant response parameters, an 
attempt was made to calculate dietary total Cu and Zn requirements of the animal categories 
studied. If broken line analysis yielded insufficiently useful models, dietary requirements were 
assessed by comparison of the results of the different experiments. Also, dietary levels of Cu and 
Zn were assessed at which maximal production performance was attained. Special attention was 
paid to possible differences in effects of intrinsic vs. extrinsic dietary Cu and Zn, to the effects of 
the Cu or Zn levels during the pre-test period, and to the influence of the duration of the 
experimental period on mineral concentrations in “storage” tissues, i.e. Cu in liver and Zn in bone. 
In general, suitability of the experimental evidence is sometimes limited. Many data sets are 
incomplete (only very few response parameters determined), inhomogeneous and/or ancient. 
Results of this study should, therefore, be considered with caution. 
In the case of dairy cattle, the low number of suitable experiments for both Cu and Zn precluded 
any calculation of requirements. Based on production performance in six experiments, 
requirements for dairy cattle could be roughly assessed to be around 21 mg/kg (DM) for Cu, but it 
should be noted, however, that due to the limited number of data is was impossible to quantify the 
Cu requirement in relation to the interaction between Cu, Mo, and S. Maybe, 21 mg Cu/kg DM is 
marginal at high Mo and S concentrations in the diet because of their negative effect Cu 
availability. Zinc requirement for dairy cattle was estimated > 25 mg/kg (DM).  
Based on serum Cu concentrations, the Cu requirements of growing pigs were calculated to be 4 
mg/kg Cu added to a synthetic basal diet. The recommendations of Cu for growing-finishing pigs 
are in agreement with our results. Therefore, an addition of 4 mg/kg Cu to a complete diet (88% 
DM) is sufficient. Calculation of a precise Zn requirement was difficult. Based on maximal growth 
performance total Zn content should be at least 56 mg/kg. Mainly in the case of Zn, feed 
conversion ratios of the animals used were relatively high. The assessed requirement may, 
therefore, have to be adapted to the current improved feed conversion ratios. Therefore, a 
concentration of 67 mg Zn/kg is recommended as was obtained for pigs receiving other types of 
diets. 
The Cu requirement of broilers was estimated to be 6 mg/kg added to a practical diet. Again, the 
growth rates of the animals used were relatively low, thereby impairing the applicability of the 
assessed requirement to fast growing broilers of today. However, feed conversion ratios were to a 
large extent comparable with those in current practice. Based on limited data on bone Zn 
concentrations and on the Zn level required for maximal growth performance, the Zn requirement 
was calculated to be 74 mg/kg in practical diets. As it was demonstrated in some experiments that 
relatively high growth rates were feasible using dietary Zn concentrations below 68 mg/kg, the 
calculated concentration might even cover these animals’ dietary Zn needs. 
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In all cases, mostly due to a limited number of suitable data, it was impossible to discriminate 
between effects of intrinsic and added dietary Cu or Zn, although there were indications for a 
lower availability of intrinsic Zn. Also, no clear insight could be obtained for the influence of 
dietary Cu or Zn levels during the pre-test period and the influence of the duration of the 
experiment. Finally, no conclusions could be drawn with regard to differences between age of 
the animals. 
The requirements as assessed in this study are substantially lower than the maximum allowed 
concentrations in diets from 26 January 2004 onwards. Therefore, there is no risk for a sub 
optimal supply of Cu and Zn to the animal categories studied. 
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Abbreviations used 
The following abbreviations and definitions have been used: 
 
A(F)RC = Agricultural (and Food) Research Council (Great Britain) * 
BW =  body weight 
Cp =  ceruloplasmin 
Cp =  Mallow’s Cp 
COMV =  Commissie Onderzoek Minerale Voeding (The Netherlands) 
CuLys =  Cu lysine 
CuMet =  Cu methionine 
δ =  differences in parameter concentrations or activities as compared with basal level 
DIM =  days in milk 
DLG/GfE = Deutsche Landwirtschaftsgesellschaft/Gesellschaft für Ernährungsphysiologie 
(Germany)* 
DM =  dry matter 
DMI =  dry matter intake 
FCR =  feed conversion ratio = kg feed/kg gain 
INRA =  Institut National de Recherche Agronomique (France) 
mg/kg =  = µg/g 
NRC =  National Research Council (United States of America) * 
ZnLys =  Zn lysine 
ZnMet =  Zn methionine 
 
* the use of these abbreviations in tables refers to the use of that reference for the determination of 
dietary requirements by ARC, DLG, or NRC 
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1. General introduction and procedure 
1.1. Introduction 
In 1999, feed manufacturers and agricultural organizations in The Netherlands agreed amongst 
others to lower the dietary Cu and Zn supply to livestock compared with the current maximum 
authorized levels [6]. The reason for this agreement is that Cu and Zn in animal manure can form a 
considerable environmental hazard in the future. Therefore, avoidable losses to the environment 
should be prevented as much as possible. Furthermore, in 2003, the European Union (EU) 
adopted new maximum authorized levels of (all) trace minerals in animal rations [5]. The 
physiological requirements as mentioned in this document should be the basis for the maximum 
authorized dietary levels in the EU. The proposed maximum levels in this document are in some 
cases lower than those mentioned in the Dutch agreement (Table 1.1; [6]).  
Nutritional requirements as mentioned in the EU document, however, are based on research at 
relatively low animal performance levels as compared with current Dutch levels. Therefore, a better 
insight is necessary into the actual nutritional requirements for Cu and Zn of cattle, pigs, and 
poultry. Based on the results of an earlier study [3], it was concluded that it was not clear what was 
the basis for the recommended requirements by AFRC, NRC, DLG, COMV and INRA. Therefore, 
on behalf of the Dutch Product Board Animal Feed, the Division Nutrition and Food of Animal 
Sciences Group of Wageningen UR was asked to carry out a survey of the scientific literature 
concerning the basis for these recommendations for growing pigs, dairy cattle and broilers. 
 
Table 1.1. Overview of maximum allowed concentrations of Cu and Zn in diets for specific 
categories of animals (mg/kg) 
 
 Copper (mg/kg) total diet Zinc (mg/kg) total diet 
 EU till 2004 EU 2004 NL 2000 EU till 2004 EU 2004 NL 2000
 total total added total total added 
Pigs       
Piglets till 12 weeks of age 175 170 160 250 150 100 
From 12 - 16 weeks of age 175 25 130 250 150 70 
Fatteners from 16 weeks of age 35 25 15 250 150 60 
Breeding sows 35 25 20 250 150 65 
       
Birds       
Broilers 35 25 15 250 150 55 
Layers 35 25 15 250 150 55 
       
Ovines 15 15 see EU 250 150 see EU 
       
Cattle       
Bovine dairy 35 35 see EU 250 150 see EU 
Bovine other 35 35 see EU 250 150 see EU 
Calves (before rumination) 30 15 see EU 250 200 see EU 
Calves (before rumination) 50 15 see EU 250 150 see EU 
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1.2. Premises and suppositions 
As the results of this study should be applicable in practice, the following premises were chosen. 
Experiments using total dietary concentrations up to 50 mg/kg for Cu and up to 200 mg/kg for Zn 
(on approx. 90% DM basis for pigs and poultry, and on a DM basis for cattle) were included in this 
study. Moreover, for pigs and poultry, experiments using total dietary Ca concentrations only up to 
1.4% were included, because of the negative effect of high Ca levels on Zn availability [1]. (Parts 
of) experiments using concentrations exceeding these values were not included in this study. 
Furthermore, experiments in which the diets did not contain added essential trace minerals, were 
excluded. 
A reference may comprise more than one experiment, reason why there are more experiments 
than references. 
Copper and Zn concentrations in blood were either expressed in serum, plasma, or whole blood as 
µmol/L (µM). It is reported that 80-90% of plasma Cu is bound to ceruloplasmin [1;4]. Besides this, 
a portion is present attached to superoxide dismutase (SOD) in the erythrocytes. About 10-20% of 
blood-Zn is present in the plasma, mainly bound to albumin [1]. Large differences may, therefore, 
exist between Zn concentrations in whole blood and serum and/or plasma. For pigs, this is 
demonstrated by the results of Heigener et al. [2], who found Zn concentrations in whole blood up 
to 10 times higher than others found in plasma. All Zn concentrations in whole blood were, 
therefore, excluded from the statistical analysis. As analysed concentrations in the different blood 
fractions were of the same magnitude, Cu concentrations in whole blood, serum and plasma, as 
well as Zn concentrations in serum and plasma were considered of similar value for evaluation of 
dietary requirements.  
To optimally characterize the animals used, in the tables the age (all animals), growth rate, feed 
conversion ratio (pigs and broilers), days in milk, and milk yield (dairy cattle) of the animals are 
presented. To describe the experimental design, the duration of the experiment, the response 
parameters measured, as well as dietary added and total Cu or Zn concentrations, and type of 
basal diet of the literature sources used are given.  
For ease of comparison, all dietary mineral concentrations are expressed on the basis of fresh diet 
as fed (approx. 90% DM in pig and poultry diets) or on a DM basis (cattle). If mineral 
concentrations had to recalculated and DM content of concentrates was not given, DM content was 
supposed to be 90%. 
 
1.3. Contents 
In the following chapters, the experiments underlying the dietary recommendations for Cu and Zn 
of the ARC, DLG/GfE, INRA, and NRC are judged. Unsuitable (parts of these) experiments, as well 
as the reason of their rejection, are listed separately. Chapter 2 deals with the requirements of 
dairy cows, Chapter 3 with those of growing pigs, and Chapter 4 with those of broilers. 
 
1.4. Summary of requirements of Cu and Zn in different countries 
Table 1.2 summarizes the recommendations on requirements of Cu and Zn in different countries 
[3]. In some countries no discrimination is given between requirements according to physiological 
status of the animal. This means e.g. the same requirement is given for growing animals and 
lactating animals. This is indicated in Table 1.2. 
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Table 1.2. Summarized inventory of requirements of Cu and Zn in different countries (*=same for 
all categories of the specific animal species; [3]) 
 
Lactating cattle (concentrations as mg/kg DM) 
Country Requirement of Cu Requirement of Zn 
NL 10* 25* 
UK 1-15* 30-50* 
USA 10 40 
D 10 50 
F 10* 50* 
Piglets and growing-finishing pigs (concentrations as mg/kg fresh diet) 
NL - - 
UK [7] 6 (added) 60 – 100 (added) 
USA 3.0 – 6 50 – 100 
D 4 – 5 45 – 90 
F 10* 100* 
Broilers (concentrations as mg/kg fresh diet)  
NL - - 
UK 4 35 - 40 
USA 8 40 
D 6 – 7 40 – 50 
F 10 50 
 
Table 1.2. shows large differences in recommendations between the countries for specific animals. 
 
1.5. Literature 
[1] Cousins RJ. Absorption, transport, and hepatic metabolism of copper and zinc: special 
reference to metallothionein and ceruloplasmin. Physiological Reviews 1985; 65: 238-309. 
[2] Heigener H, Michna A, Neumann H-J, Behrens H, Hamann K. Einfluß differenzierter 
Zinkgaben bei unterschiedlichem Ca/P-Verhältnis auf die Entwicklung wachsender 
Schweine. Landwirtschaftliche Forschung 1958; 11: 185-201. 
[3] Jongbloed AW, Top AMvd, Beynen AC, Klis JDvd, Kemme PA, Valk H. Consequences of 
newly proposed maximum contents of copper and zinc in diets for cattle, pigs and poultry on 
animal performance and health. Report ID-Lelystad 2001; 2097. 
[4] Todd JR. A survey of the copper status of cattle using copper oxidase (caeruloplasmin) 
activity of blood serum. In: Mills CF (ed.), Trace element metabolism in animals. Proceedings 
of WAAP/IBP International Symposium, Aberdeen, Schotland. Edinburgh: E.&S. Livingstone; 
1970: 448-451. 
[5] EC. Commission regulation (EC) No 1334/203 of 25 July 2003. Amending the conditions for 
authorisation of a number of additives belonging to the group of trace elements. L 187/11-L 
187/15. 
[6] PDV. Besluit PDV normen GMP diervoedersector. PDV bundel GMP-regeling 
diervoedersector, 8 juni 2000. 
[7] BSAS, 2003. British Society of Animal Science. Nutrient requirement standards for pigs. p. 
18. 
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2. Copper and zinc requirements of dairy cows 
2.1. Introduction 
 
2.1.1. Procedure 
In this chapter, references concerning dietary Cu and Zn requirements of dairy cows as quoted by 
DLG/GfE, A(F)RC and NRC, as well as recent reports from the scientific literature are listed and 
evaluated. No information concerning suitable scientific references as used by COMV and INRA 
could be obtained. 
 
2.1.2. Rejected references 
Not all references were suitable for this study. There were in total 19 references concerning Cu 
and nine about Zn, which have been used by DLG/GfE, A(F)RC and NRC, but had to be rejected 
for this study. The reasons for rejection are listed in Appendix 2.1, e.g. because sheep or calves 
were used. Among the reports used by DLG/GfE, A(F)RC and NRC some results had to be 
adapted to be suitable for our statistical analysis. The reference involved, and the adaptations 
made, are listed in Table 2.1. 
 
Table 2.1. Reference that had to be adapted prior to statistical analysis of dairy cow data 
 
Reference Way of adaptation 
[8] It is assumed that the mineral concentrations in the diets are expressed as g per kg DM. The 
experiment started on average 3 months before parturition, while the experiment lasted 280 
days; therefore, only the composition of the lactation diet was used  
 
2.2. Available literature  
The seven references suitable for evaluation of Cu requirements for lactating dairy cows are listed 
in Table 2.2, and the three suitable for evaluation of Zn requirements are listed in Table 2.3. 
 
Table 2.2. Overview of the experiments used for evaluation of Cu requirements of lactating dairy 
cattle; D = duration of experiment (d); DIM = days in milk; Cp = ceruloplasmin 
 
Cu (mg/kg; DM) S (g/kg DM) Reference D DIM Response criteria 
Basal Added  
Mo (mg/kg; DM) 
[4] 83 97 DMI, milk yield, milk fat and protein 
content, serum and liver Cu 
8, 9 0, 15, 
30 
2.5 not given  
[6] 60 3 Plasma Cu and liver Cu 6 5 2.2 1.7 
[7] 300 21 Calf birth weight, milk yield, milk 
and blood Cu 
4.6 0, 15.5 not given not given 
[8] 280  Plasma Cu and Cp 4.5 0, 10 3.0 1.5 
[15] 120 preg-
nant 
Liver Cu 6.1 0, 
13.9, 
15.7 
not given 1.8 – 2.3 
[40] 112  Milk yield, blood and liver Cu 9.1 0, 10, 
20 
3.3 1.7 
[7b] 61  DMI, milk yield, milk fat and protein 
content, serum and liver Cu 
8.9 0, 10, 
40 
2.4 1.1 
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Table 2.3. Overview of the experiments used for evaluation of Zn requirements of lactating dairy 
cattle; D = duration of experiment (d) 
 
    Basal Zn Added Zn 
Reference D DI
M 
Response criteria mg/kg (DM) 
[23] 42 70 Milk yield, fat, protein and Zn content, 
plasma Zn, bone, liver, kidney, and 
pancreas Zn 
16.6 0, 22.9 
[37] 105  DMI, growth, milk yield and fat % 25 0, 32 
[38] 105  Growth, milk yield 25 0, 127 
 
2.3. Statistical analysis 
Due to the limited number of observations, only relationships between dietary Cu and both (δ) 
serum and (δ) hepatic Cu concentrations could be subjected to multiple regression analysis. First, 
possible models were selected based on Mallow’s Cp. Then, these selected models were 
subsequently analysed by forward, backward and stepwise selection of variables. The statistical 
package Genstat 5, release 3.1 [25] was used throughout.  
Only physiologically relevant explaining parameters were included in the statistical analysis. For 
Cu, these were dietary Cu, S, and Mo concentrations. Both total and added dietary Cu 
concentrations were included in the statistical analysis throughout to disclose possible differences 
between the effects of intrinsic and extrinsic Cu in the total ration. 
Suitable models should at least comply with the following conditions:  
dietary Cu content is an explanatory parameter in the model 
R2adjusted is > 70.0% 
Cp is < p + 3 (p = number of explaining parameters in the model) [24] 
The number of observations is > 4  
The coefficient is significant (P < 0.05). 
If models, based on these conditions, seemed to be appropriate, data were presented in a graph. 
Then, the best parameters (showing a visible correlation in the graph) were subjected to broken 
line analysis to obtain a breakpoint value. This breakpoint discriminates between the first phase of 
the graph, in which the response parameter increases with each increase in dietary Cu 
concentrations, and the second phase, a non-responsive plateau of response parameter values. 
This breakpoint, therefore, suggests the attainment of the dietary Cu requirement. 
For Zn, the number of suitable experiments (Table 2.3) was too small (n=3) to carry out any 
statistical analysis. 
 
2.4. Results and discussion 
 
2.4.1. Dietary total Cu requirements 
Data are recent, as 11 out of 12 experiments have been published in or after 1990. We applied 
regression analysis on the data obtained with lactating cows. In the case of Cu, insight into the 
different factors influencing dietary requirements (mainly Cu, Mo and S [16]), as well as data on 
milk yield, are necessary. However, even these data were lacking in several cases. It appeared to 
be impossible to include Mo as an explanatory parameter in the regression analysis of (δ) liver Cu 
concentrations, because several data were lacking and moreover, there was a narrow range of Mo 
contents (mean and sd: 1.7 ± 0.4; range: 1.1 to 2.3 mg/kg DM). Also S content showed a narrow 
range (mean and sd: 2.6 ± 0.4; range: 2.2 to 3.3 g/kg DM). As the coefficient for dietary Cu content 
as an explanatory parameter was negative, which means that higher dietary Cu concentrations 
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should be associated with lower hepatic and serum Cu concentrations, results of the regression 
analysis were omitted.  
Graphic presentation of the data showed no visible correlation between (δ) dietary Cu and (δ) liver 
Cu or (δ) serum Cu concentrations. As an example, the relationship between dietary and serum Cu 
concentrations is visualised in Figure 2.1.  
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Figure 2.1. Relationship between individual dietary and serum Cu concentrations in dairy cows 
 
Graphic presentation of the data for liver Cu (Figure 2.2) showed some relationship, but broken line 
analysis of the data did not supply a useful model: 
 
Liver Cu (mg/kg (DM)) = 563.3 – 11.47 x ln (1 + exp (34.2 – dietary Cu (mg/kg DM))) 
(R2 = 26.7%; RSD = 182) 
 
In this model, 563.3 (± 80.3) is the level of the non-responsive plateau in the second phase of the 
graph, 11.47 (± 5.67) is the slope of the line in phase one, and 34.2 (± 12.6) is the breakpoint 
value. However, although the breakpoint value nicely represents the relatively high need for Cu of 
dairy cows, R2 of this model is too low to be of sufficient value. 
Comparison of the different experiments in order to assess dietary Cu requirements based on 
production performance reveals that Cu concentrations should be (mg/kg in DM): 20 to 25 at a low 
Fe (135 mg/kg) content [4], 25 to 34 at a high Fe (535 mg/kg) content [4] and 19 [40] (Appendix 
2.2). Two experiments supplied only data on Cu liver content and they revealed that dietary Cu 
level should be >11 [6], >6 [15]. Two more experiments only supplying data on plasma Cu content 
give values of > 4.6 [7] and >14.5 [8]. A recent study in 2001 [7b] showed in high yielding dairy 
cows no differences in feed intake, milk yield and milk composition at 9, 19 and 49 mg/kg Cu (DM). 
It was concluded in this experiment that 49 mg/kg dietary Cu was marginally toxic. 
For all experiments listed in Appendix 2.2 a review was made of the total Cu content at which level 
the highest production of total protein and fat was obtained, without taking into account significant 
differences. It shows that there is a large variation in Cu levels for maximal performance. 
Experiments in which no milk production was measured were omitted. It revealed that maximal 
production was achieved at on average at 24 mg/kg DM. It may be remarked, however, that the 
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values are slightly overestimated, because the maximal performance might have been achieved at 
a level between this and the lower supplementation level. Therefore, we subtracted the mean of 
the difference between two supplementary levels of Cu from the level we obtained for maximal milk 
production. This resulted in (24 – 3 =) 21 mg/kg. 
Taking the scarce evidence together (Appendix 2.2), dietary total Cu concentration should be 
around 21 mg/kg (DM). Evidence for even higher requirements is conflicting. 
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Figure 2.2. Relationship between individual dietary and hepatic Cu concentrations in dairy cattle 
 
As dietary S and Mo concentrations are important determinants of Cu availability in dairy cows 
[16], the information concerning range and distribution of S and Mo concentrations is insufficient. 
This hampers a reliable assessment of dietary Cu x S x Mo interactions at various S and Mo levels. 
In The Netherlands, S concentrations in grass silage may range from 0.6 to 5.3 g/kg DM, and Mo 
concentrations from 0.2 to 5.3 mg/kg DM [1b]. If both Mo and S content are in the upper range then 
21 mg/kg Cu may not be sufficient. 
 
2.4.2. Differences between intrinsic and added dietary Cu 
Taking into account only those experiments supplying data on hepatic Cu concentrations 
(considered to be the most important indicator of Cu status [16]), diets without added dietary Cu 
(Table 2.2) contained 6-11 mg/kg Cu (DM). In most experiments using diets with added Cu, they 
contained Cu concentrations of at least 15 mg/kg (DM) and thus Cu concentrations are not of 
similar magnitude and can, therefore, not be compared. Only two experiments used total (basal + 
added) Cu concentrations of 11 mg/kg (DM) and, therefore, results can be compared with those 
with similar basal Cu concentrations. Selected results are given in Table 2.4. As only two values of 
δ liver Cu were available, this parameter was not included in this table. 
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Table 2.4. Selected results of references using similar dietary total Cu concentrations from different 
origin (intrinsic vs. added) and plasma and liver Cu concentrations 
 
Reference Basal Cu Added Cu Total Cu Plasma Cu Liver Cu 
 mg/kg (DM) µM/L mg/kg (DM) 
[4] 8 0 8 12.4 660 
 9 0 9 9.1 289 
[40] 9.1 0 9.1 - 233 
[6] 6 5 11 13.5 167 
 6 5 11 14.8 172 
 
No relationship is visible between any of the explanatory parameters and plasma or liver Cu 
concentrations. Concerning the difference between intrinsic vs. added Cu, these data do not 
supply any evidence for differences in metabolic effects of intrinsic and added Cu in dairy cattle 
rations. It should also be noted, however, that the previous history of the animals may largely differ 
among the experiments, resulting in large differences in hepatic Cu content at the start of the 
experiment.  
 
2.4.3. Dietary total Zn requirements and differences between intrinsic and added Zn 
Suitable experimental evidence on Zn requirements of lactating dairy cattle is too scarce even to 
make an attempt to assess dietary requirements. Besides this, the most recent report was 
published in 1973. In two cases [37;38], based on animal performance data, dietary Zn 
requirement was > 25 mg/kg (DM), whereas the third experiment [23] hardly showed any 
difference in bone Zn and plasma Zn concentrations between dietary Zn concentrations of 17 and 
40 mg/kg (DM). The only rough assessment that can be made from the available data is, therefore, 
that dietary total Zn requirement of dairy cattle is > 25 mg/kg (DM). How much higher the Zn 
concentration should be can not be assessed due to lack of sufficient information. 
As hardly any information is available, any conclusion on differences between metabolic fates of 
intrinsic or added Zn in dairy cattle rations is precluded. 
 
2.5. Conclusions 
2.5.1. Copper 
Because few suitable data are available, the only rough conclusion that can be drawn is that based 
on milk production performance (three references comprising six experiments), dietary total Cu 
requirement of dairy cows should be 21 mg/kg (DM). Based on these data, quantification of the 
interaction of Cu with S and Mo is impossible. This may mean that at high Mo and S 
concentrations in the diet a higher Cu level than 21 may be necessary. The scarcity of data also 
precludes discrimination between differences in metabolic importance of intrinsic vs. added dietary 
Cu, or judgement of the effect of Cu, S or Mo levels during the pre-test period. Finally, the dietary 
Cu recommendations for dairy cattle of several countries seem to be based mainly on experiments 
with beef cattle. 
 
2.5.2. Zinc 
For Zn, the absence of suitable data for dairy cows is even more serious than for Cu. Dietary total 
Zn requirement is estimated to be >25 mg/kg (DM).  
No conclusion can be drawn on different effects of intrinsic or added dietary Zn, or on effects of 
dietary Zn levels during the pre-test period. Current dietary Zn recommendations for dairy cattle 
seem to be based mainly on experiments with growing calves. 
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2.7. Appendices dairy cattle 
Appendix 2.1. References as used by A(F)RC, NRC, DLG, COMV and INRA and their reasons of 
rejection for this study 
 
Reference Element Part rejected Reason of rejection 
[1;9;17;33] Cu Whole reference Review, no experimental data given 
[22] Zn Whole reference Review only; mainly calves 
[5;21;31] Cu [5] Zn [21] 
Cu [31] 
Whole experiment Non-lactating, growing cattle 
[2] Cu Whole experiment Experimental diets only differed in Se content, 
not in Cu content 
[3] Cu Whole experiment Only one group, no control group included 
[18;19;28-30] Zn Whole experiment Only 5 animals used, each with a different 
treatment  
[12;14] Cu Whole reference Field study only, not a controlled experiment 
[11] Zn Whole reference Field study only, no data on milk yield or 
composition 
[27] Cu Whole reference Dietary Cu concentrations exceed 50 mg/kg 
(DM) 
[13;26;34;35] Cu Whole reference Sheep used as experimental animals 
[32] Cu Whole reference Steers used as experimental animals 
[39] Zn Whole reference Review on factorial estimation of Zn 
requirements 
[10] Cu Whole reference Journal not available 
[20] Cu Whole reference  Injections of Cu, not a nutritional experiment 
[36] Cu Whole reference Focusing on Cu toxicity rather than on Cu 
requirements 
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Appendix 2.2. Survey of experiments to assess Cu requirements for dairy cattle 
 
Refer-
ence 
Basal Cu  Added 
Cu 
Total 
Cu 
Milk yield  Fat+protein  Liver Cu “Conclusion”total Cu 
level (mg/kg DM) 
 mg/kg(DM) (kg/d) (g/d) mg/kg(DM)  
[4]a 8 0 8 22.7 1553 660 
  12 20 20.2 1511 581 
  31 39 16.1 1024 614 
<20 
[4]b 9 (high Fe) 0 9 20.3 1401 289 
  14 23 20.9 1417 395 
  25 34 23.5 1528 612 
>23 
[4]c 8 0 8 22.7 1553 660 
  17 25 24.7 1643 644 
  43 51 19.9 1421 566 
<25 
[4]d 9 (high Fe) 0 9 20.3 1401 289 
  16 25 21.1 1511 566 
  37 46 19.1 1315 655 
~25 
[6]a 6 5 11 - - 167 
  80 86 - - 439 
[6]b 6 5 11 - - 172 
  80 86 - - 520 
>11 
[15]a 6 0 6 - - 22 
  14 20 - - 127 
[15]b 4 2 6 - - 24 
  16 20 - - 260 
>6 
[40] 9 0 9 32.9 - 233 
  10 19 33.2 - 322 
  20 29 33.1 - 417 
~19 
[7b] 9 0 9 40.0 2640 372 
  10 19 36.7 2386 430 
  40 49 40.3 2620 826 
49 is marginally toxic 
      blood Cu 
(µM/L) 
 
[7b] 9 0 9   16.8 
  10 19   16.5 
  40 49   15.9 
9 
[7] 5 0 5   7.2 
  15 20   16.1 
>5 
[8] 14 0 14   12.8 
  10 24   15.6 
>14 
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3. Copper and zinc requirements of growing pigs 
3.1. Introduction 
3.1.1. Procedure 
In this chapter, references concerning dietary Cu and Zn requirements as quoted by A(F)RC and 
NRC, as well as recent reports from scientific literature are listed and evaluated. No suitable 
information concerning scientific references as used by DLG/GfE and INRA could be obtained.  
3.1.2. Premises, suppositions and calculations 
Phytate concentrations in the diets were estimated using the concentrations of phytate P as given 
for the raw materials in the Dutch Feedstuff Table [8] and are presented as phytate P. When 
analysed phytate values were given, phytate concentrations were multiplied by 0.282 to obtain 
phytate P content as based on molar ratios.  
Vegetable phytase activity (U/kg) of raw materials was supposed to be 500 U for barley, 1000 U for 
wheat, and 5000 U for wheat middlings. These activities were multiplied by 35, 80, and 35%, 
respectively, to obtain comparable figures with that of microbial phytase activity (Kemme, personal 
communication). So, all phytase activities were expressed as U of microbial phytase activity. From 
the few references it was not clear whether the diets had been (steam)pelleted or not, so it was 
assumed that no inactivation of phytase had taken place during feed manufacture. 
As in most cases, only few data concerning mineral and phytate concentrations of the diets were 
given, lacking values were calculated for all diets based on the raw material composition, using a 
linear programming package (OPTISAM). Furthermore, all hepatic Cu and Zn concentrations were 
calculated on a DM basis. When values were expressed as mg/kg fresh tissue, DM content of pig 
liver was supposed to be 27.8% [13]. Zinc content of the pancreas was calculated as mg/g protein. 
If values were expressed as mg/g fat-free DM, values were recalculated supposing a non-protein 
DM content of the pancreas of 10% (Jongbloed, pers. comm.). If feed intake of piglets was not 
given, feed intake was assumed to be 4.5% of their BW (Jongbloed, pers. comm.). 
3.1.3. Rejected references 
Not all references were suitable for this study. Several reports as used by A(F)RC and NRC had to 
be rejected for the scope of this study. The reasons of rejection are listed in Appendix 3.1. Besides 
the references used by AFRC and NRC, other publications were used to assess Cu and Zn 
requirements. Unsuitable parts of these references, as well as the reasons of their rejection, are 
listed in Table 3.1.  
 
Table 3.1. Parts of other references not suitable for this study 
 
Reference Element Part rejected Reason of rejection 
[1] Zn 21-day growth experiment Shortage of digestible P (2.6 g/kg) 
[25] Zn Experiment 1 Shortage of digestible P (0.9 g/kg) 
[16;23;25] Zn Blood Zn values Blood Zn values were up to 10 times the normal 
values for plasma and were, therefore, 
considered insufficiently reliable to be used for 
statistical analysis 
 
Finally, among the remaining reports several results had to be adapted to be suitable for statistical 
analysis. These references, and the adaptations made, are listed in Table 3.2. 
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Table 3.2. References that had to be adapted prior to statistical analysis of pig data 
 
Reference Element Way of adaptation 
[6] Zn In this experiment, a Zn deficient group (fed ad libitum), a group pair-fed an 
adequate Zn diet and a group fed an adequate Zn diet ad libitum were used. These 
groups were considered to be three different treatments  
[14] Cu No separate results of the growing phase were presented; only combined results 
for the growing and finishing phase were given. Therefore, Cu content of the feed 
used during the whole experiment was assumed to be 1/3 of the Cu content of the 
growing feed and 2/3 of that of the finishing feed; only the feed composition of the 
finishing feed was used 
[31] Zn Besides a control group (low Zn), two sources of additional Zn were investigated, 
both using two levels of additional Zn. As the results of these Zn additions were 
significantly different, the two sources were considered to be separate experiments. 
In both experiments, the control group was included. 
[40] Zn As the finishing feed was responsible for the majority of the final result, only the 
composition of this feed was used. Besides a control group (low Zn), two sources of 
additional Zn were used, both using different levels of additional Zn. As the results 
of these Zn additions were significantly different, the two sources were considered 
to be separate experiments. In both experiments the control group was included. 
[45] Cu For analysis of the 3rd experiment, BW as based on age was assessed; feed intake 
was supposed to be 4.5% of BW; dietary Cu concentrations on a 90% DM basis 
were assessed supposing the liquid feed contained 13% DM  
[49] Zn Growing and finishing phase were considered to be separate experiments 
 
3.2. Available literature  
The nine references suitable for evaluation of Cu requirements are listed in Table 3.3, and the 29 
references suitable for evaluation of Zn requirements are listed in Table 3.4. For calculation of the 
average animal performance, performance data are excluded for groups of animals that showed to 
be severe deficient in Cu or Zn. 
 
Table 3.3. Overview of the experiments used for evaluation of Cu requirements of pigs (D= 
duration of experiment; FCR=feed conversion ratio; Cp = ceruloplasmin; Hb = hemoglobin; SOD = 
superoxide dismutase) 
 
Basal 
Cu 
Added Cu Refer-
ence 
Age (d) or 
weight (kg) 
at start 
D (d) Growth 
(g/d) 
FCR Response criteria Type 
of 
dietA (mg/kg; fresh) 
[11] 4 d 17 - - serum Cu and Cp, liver Cu milk  0, 20 
[45] 9 d 98 - - Hb, blood Cu milk 0.6 0, 2 mg/pig/d 
(= ± 22 mg/kg)
[14] 34 kg  119 - - performance, Hb, serum Cu 
and Cp, liver Cu 
S 0 1.5, 4.5 
[18] 10 d 35 406 - performance, Hb, serum Cu 
and Cp, liver and kidney Cu 
S 0.7 0, 4.2, 9,3 
[35] 11 d 28 – 65 275 - performance, plasma Cu 
and Cp, liver and kidney Cu 
S 0.6, 0.9, 
1.3 
0, 1.1, 1.3, 
1.9, 2.2, 3.1, 
4.0, 4.3, 8.0 
[52] 28 kg 28 - - serum Cu S 4.8 0, 5.2 
[15] 9 kg  63 552 2.2
0 
performance, Hb, serum Cu 
and Cp, liver and kidney Cu 
CS 7 0, 18 
[13] 70 d 112 630 3.2
0 
performance, liver Cu O 7 0, 32 
[24] 25 kg  78 966 2.1
9 
performance, Hb, blood 
SOD, liver Cu 
O 15 0, 35 
A  S = synthetic or semi-synthetic diet; CS = corn-soybean meal diet; O = other mixed diets 
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3.3. Statistical analysis 
The data were subjected to multiple regression analysis. First, possible models were selected 
based on Mallow’s Cp. Then, these selected models were subsequently analysed by forward, 
backward and stepwise selection of variables. The statistical package Genstat 5, release 3.1 [38] 
was used throughout. 
Only physiologically relevant explanatory parameters were included in the statistical analysis. For 
Cu, these were dietary Cu, Ca and Zn, and phytate P concentrations, whereas phytase activities 
were excluded from the analysis. For Zn, these were dietary Zn, Ca, Cu, Fe, and phytate P 
concentrations, as well as dietary phytase activities. 
Both total and added dietary Cu or Zn concentrations were included in the statistical analysis 
throughout, to disclose possible differences between the effects of intrinsic and extrinsic minerals 
in the total ration. 
Suitable models should at least comply with the following conditions:  
Dietary Cu or Zn content is an explanatory parameter in the model 
R2 adjusted is > 70.0% 
Cp is < p + 3 (p = number of explaining parameters in the model) [37]  
The number of observations is > 4 
The coefficient is significant (P < 0.05). 
If models, based on these conditions, seemed to be appropriate, data were presented in a graph. 
Then, the best parameters (showing a visible correlation in the graph) were subjected to broken 
line analysis to obtain a breakpoint value. This breakpoint discriminates between the first phase of 
the graph, in which the response parameter increases with each increase in dietary Cu or Zn 
concentrations, and the second phase, a non-responsive plateau of response parameter values. 
This breakpoint, therefore, suggests the attainment of the dietary Cu or Zn requirement. 
 
- 26 - Animal Sciences Group - Nutrition and Food  
 
 
Table 3.4. Overview of the experiments used for evaluation of Zn requirements of pigs (D= 
duration of experiment; GR=growth rate; FCR=feed conversion ratio; P = performance; AP = 
alkaline phosphatase)  
 
Basal Added Zn Refe-
rence 
Age (d) or 
weight (kg) 
at start 
D (d) GR 
(g/d) 
FCR Response criteria Type 
of 
dietA 
(mg/kg; fresh) 
[1] 31 d 21 412 2.21 Performance, plasma Zn CS 27.5 0, 100 
[2] 16 kg 91, 119 450 2.98 Performance O 51 0, 100 
[3] 14 d 42 304 - Performance S 0 0, 90 
[4] 21 kg ? 737 2.89 Performance CS 29 0, 71 
[5] 77 d 84 569 - P, plasma Zn, liver Zn CS  0, 100 
[6] 35 d 42 357 4.48 P, serum Zn and AP, liver, 
pancreas and kidney Zn 
S 7.3 0, 120 
[9] 21 d 63 506 2.25 Performance S 28 0, 100 
[12] 14 d 28 320 1.15 P, bone Zn, plasma Zn, Zn 
digestibility 
S 6 (5) 5, 10, 15, 20, 25, 
30, 35, 115 
[16] 22 kg 68 500 2.90 Performance, blood Zn O 33, 38 0, 12, 17, 67 
[20] 49 d 91 - - Performance, serum AP CS 28.1, 
34.5 
35.7, 
38.7 
0, 50, 75 
[21] 21 d 49 399 2.12 Performance S 16 0, 50 
[23] 35 kg 34 - - Plasma Zn O 37 0, 26, 55, 113 
[25] 28 d 28 541 1.91 Performance, plasma Zn, 
serum AP 
CS 25 0, 22 
[26] weanling 84 544 - Performance, liver Zn CS 22 0, 100 
[27] weanling 84 500 - P, bone Zn, serum Zn, liver 
and pancreas Zn 
CS 25 0, 100 
[28] weanling 84 331 - Performance CS 35 0, 50 
[29] 15 kg 112 700 3.36 Performance, serum Zn 
and AP 
CS 22.4, 
28.7 
0, 19.4, 41.1 
[30] 42 d 56 524 2.94 Performance CS 29/31 0, 20 
[31]  35 459 1.73 Performance, serum Zn S 20 0, 25, 50 
[32] 7 d 28 282 1.43 P, serum Zn and AP, liver 
and pancreas Zn 
S 12 0, 87.6 
[34] 16 kg 70 586 2.68 P, serum AP, liver Zn CS 28 0, 44, 49 
[39] 25 kg 50 - - Plasma Zn, serum AP O 37 0, 26, 55, 113 
[40] weanling 105 767 3.19 P, bone Zn, serum Zn and 
AP 
O 31-46 0, 43.8, 84.4  
[41] weanling 84, 126 621 3.67 Performance O 28, 29, 
31 
0, 100 
[42] 5 kg 
18 kg 
88 
28 
345 
721 
2.48
2.23
Performance CS 37.8 60.5 
[43] 58-67 42 555 - Performance, serum AP O 32 0,12, 48 
[49] 63 d 84, 98 787 2.64 P, plasma Zn, bone Zn CS 32, 27 0, 7.5, 10, 15, 20, 
40, 80 
[50] 10 d 18 63 2.00 Performance, serum Zn S 12 0, 88 
[51] 28 d 28 342 - Performance O 34 0, 106 
A  S = synthetic or semi-synthetic diet; CS = corn-soybean meal diet; O = other mixed diets 
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3.4. Results and discussion 
3.4.1. Copper 
3.4.1.1. Dietary total Cu requirements 
Selected results of the regression analysis on Cu are given in Table 3.5. More data are presented 
in Appendix 3.2. Unfortunately, suitable evidence for a reliable relationship is scarce and results 
should, therefore, be regarded with caution. Furthermore, analytical difficulties and differences 
between experiments may be responsible for the inhomogeneous results. Finally, taking into 
account the relatively small number of experiments, large differences in initial BW of the pigs and 
length of the experiments, and possible differences in Cu content in the tissues before the start of 
the experiment, it is impossible to discriminate further between age of the pigs or types of diet 
(Table 3.3). 
 
Table 3.5. Selected results of regression analysis of Cu data (Number = number of observations 
(total number = 13); Cp = Mallow’s Cp [37]; Hb = hemoglobin concentration; serum Cp = serum 
ceruloplasmin concentration; δ = difference as compared with basal level) 
 
Response 
parameter 
Number Cu 
(mg/kg) 
Ca 
(g/kg) 
Zn 
(mg/kg) 
Phytate P 
(g/kg) 
R2adjusted Cp 
Feed intake 5 13.00 12.10 - -10.83 98.2 4.00 
Hb 6 8.16 9.23 -9.29 11.16 99.0 5.00 
Serum Cu 11 9.28 0.40 -0.79 -0.74 95.6 5.00 
Serum Cp 8 10.78 - - - 94.3 2.06 
Kidney Cu 6 6.89 - - -5.53 98.6 2.01 
δ growth 7 24.58 -20.09 -21.63 -24.73 99.3 5.00 
δ Hb 6 3.23 5.66 - -6.42 96.2 3.51 
δ liver Cu 10 10.43 -2.59 -1.36 -8.56 95.9 5.00 
δ serum Cp 8 10.39 -14.77 - -25.31 99.1 3.38 
 
The results of the experiments were also judged according to the response criteria as given by 
Jongbloed et al. [22]. As data on Cu absorption, superoxide dismutase activity and hepatic 
ceruloplasmin content were lacking in all experiments, only hepatic Cu content and animal 
performance data (i.e. feed intake and δ growth; Table 3.5) could be used. Unfortunately, graphic 
presentation of these data did not reveal any useful relationship. For example, the relationship 
between dietary and hepatic Cu concentrations is presented in Figure 3.1. The three values around 
a liver Cu content of 60 mg/kg, and that one at 1 mg Cu/kg diet are from milk-fed baby piglets 
[11;18]. Furthermore, one value representing a dietary Cu content of 20 mg/kg and a Cu liver 
content of 893 mg/kg was omitted, because this value came also from milk-fed piglets [11]. The 
other response parameters classified as suitable indicators of the accuracy of dietary Cu supply 
showed similar graphs. 
Although Jongbloed et al. [22] characterized serum/plasma Cu concentration to be less suitable for 
the assessment of Cu requirements (it is only valuable within a very limited range of Cu supply), 
serum Cu concentration was the only response parameter showing a visible correlation with the 
dietary Cu content. Data are presented in Figure 3.2. Broken line analysis supplied the following 
model to describe the relation between dietary Cu and serum Cu concentrations: 
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Figure 3.1. Relationship between dietary and liver Cu concentrations in growing pigs 
 
Serum Cu (µM) = 32.99 – 8.69 x ln (1 + exp (3.958 – dietary Cu (mg/kg))); R2 adj. = 83.0%; RSD = 5.29 
 
The value of 32.99 (± 1.51) is the level of the non-responsive plateau in the second phase of the 
graph, 8.69 (± 2.10) is the slope of the line in the first phase, and 3.958 (± 0.793) is the breakpoint 
value. A concentration of 4.0 mg/kg can, therefore, be assessed as the dietary total Cu 
requirement of growing pigs.  
Among the suitable experiments there is only one recent report [24] using fast-growing pigs (± 950 
g/d), while in another experiment [13] on growing-finishing pigs growth rate and FCR were 
substantially worse than in practice today in The Netherlands. In piglets, growth rates were 
between 275 and 550 g/day, which is more or less comparable with current practice. Therefore, it 
is not clear as to what extent the assessed requirement also applies to fast growing-finishing pigs. 
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Figure 3.2. Relationship between dietary and serum Cu concentrations of references used for the 
assessment of dietary Cu requirements in growing pigs  
 
3.4.1.2. Differences between intrinsic and added Cu 
Due to the scarcity and inhomogeneity of data it is difficult to assess as to what extent differences 
exist between diets containing approximately the same amount of total Cu, but of different origin 
(intrinsic vs. added). An attempt to compare some similar data (all data on diets containing a total 
Cu concentration of 5-10 mg/kg) is made in Table 3.6. 
 
Table 3.6. Comparison of results obtained on rations with similar total dietary Cu concentrations (5-
10 mg/kg) from different origin (intrinsic vs. added) 
 
Reference Basal Cu 
(mg/kg) 
Added Cu 
(mg/kg) 
Total Cu 
(mg/kg) 
Duration 
experiment (d) 
Serum Cu 
(µM) 
Liver Cu 
(mg/kg; DM)) 
[13] 7 0 7 112 - 15 
[15] 7 0 7 63 34.3 22.1 
[15] 7 0 7 63 34.3 21.3 
[35] 1.3 4.3 5.6 56 30.1 15.1 
[35] 1.3 8 9.3 56 31.3 30.2 
[18] 0.7 9.3 10 35 29.9 57.1 
 
The first three diets in Table 3.6 contain only intrinsic Cu, whereas the second three contain mainly 
added Cu. Serum Cu concentrations are hardly different, while liver Cu concentrations seem to be 
rather correlated with total Cu concentrations than with basal or added Cu. Observing no 
differences is not surprising, as total Cu content already exceeds 5 mg/kg. Therefore, this 
comparison does not supply convincing evidence for different metabolic fates of intrinsic vs. added 
dietary Cu. 
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3.4.2. Zinc 
3.4.2.1. Dietary total Zn requirements 
For Zn, statistical analysis revealed a significant correlation between the differences in dietary Zn 
content and differences in bone Zn concentrations (n = 6; R2adjusted = 81.6%; Cp = 1.10; coefficient 
for δ Zn = 4.04). However, graphic presentation of the data (Figure 3.3) showed only a poor 
relationship. It shows a large effect of the experiment on the increase of bone Zn content. Another 
graph (not shown) was constructed taking into account the number of days pigs were in the 
experiment. It showed that the increase of bone Zn content per day by [12] were substantially 
higher than for the other experiments. For the other parameters analysed, no significant correlation 
was detected. 
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Figure 3.3. Relationship within some studies between differences in dietary Zn (δ dietary Zn) and 
differences in bone Zn concentrations (δ bone Zn); δ = compared with unsupplemented basal diet 
 
Although the number of suitable experiments for Zn is much larger (54) than for Cu (13), evidence 
is inhomogeneous and partially old. More selected results of statistical analysis are given in 
Appendix 3.3.  
As statistical analysis and graphic presentation of the data did not show a suitable indicator, Zn 
requirements had to be assessed by comparison of the results of the separate experiments. In 
several experiments using very low dietary Zn concentrations, it could be observed that 
performance and plasma and bone Zn concentrations improved after Zn addition. In some of these 
experiments also the occurrence of a Zn-responsive parakeratosis in the low Zn groups was 
reported. On the other hand, based on deteriorating performance and blood Zn values associated 
with higher dietary Zn concentrations, also upper limits of dietary Zn requirements were detected. 
Finally, some authors could not reveal significant differences in performance within a certain range 
of dietary Zn concentrations. From two references [16] and [25] it was shown that dietary Zn 
concentrations should not exceed 94 to 100 mg/kg, because performance was less than at the 
lower level used.  
For all experiments listed in Table 3.4, we made a review of the total Zn content at which numeric 
level the best growth performance was obtained, without taking into account significant differences 
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(Table 3.7). Per experiment per treatment an overall production parameter was calculated, which 
was done as follows: the growth rate and feed intake of pigs receiving the diet without 
supplementary Zn was put on 100, and relative values for other supplementary levels were 
calculated and averaged for growth rate and feed intake. Furthermore, we ranked according to 
type of diets.  
 
Table 3.7. Overview of maximal performance in the experiments used for evaluation of Zn 
requirements of pigs (D= duration of experiment; GR=growth rate; FCR=feed 
conversion ratio; see also text) 
 
Basal 
Zn 
Added Zn Total Zn content 
at best growth 
performance B 
Refe-
rence 
Age (d) or 
weight (kg) 
at start 
D (d) GR 
(g/d) 
FCR Type 
of 
dietA
mg/kg; fresh 
[3] 14 d 42 304 - S 0 0, 90 90 
[6] 35 d 42 357 4.48 S 7 0, 120 127 
[9] 21 d 63 506 2.25 S 28 0, 100 128, 128 
[21] 21 d 49 399 2.12 S 16 0, 50 66 
[32] 7 d 28 282 1.43 S 12 0, 88 100, 100, 100 
[50] 10 d 18 63 2.00 S 12 0, 88 100 
[31]  35 459 1.73 S 20 0, 25, 50 70 
[12] 14 d 28 320 1.15 S 6 (5) 5, 10, 15, 20, 25, 30, 
35, 115 
35 
[1] 31 d 21 412 2.21 CS 28 0, 100 28 
[4] 21 kg ? 737 2.89 CS 29 0, 71 100, 100 
[5] 77 d 84 569 - CS  0, 100 30 
[26] weanling 84 544 - CS 22 0, 100 122 
[27] weanling 84 500 - CS 25 0, 100 125 
[28] weanling 84 331 - CS 35 0, 50 85 
[30] 42 d 56 524 2.94 CS 31 0, 20 31, 51 
[42] 5 kg 
18 kg 
88 
28 
345 
721 
2.48 
2.23 
CS 38 60 98, 98 
[20] 49 d 91 - - CS 28-
39 
0, 50, 75 78, 86, 114, 110 
[25] 28 d 28 541 1.91 CS 25 0, 22, 69 47 
[29] 15 kg 112 700 3.36 CS 22, 
29 
0, 19.4, 41.1 80, 48 
[34] 16 kg 70 586 2.68 CS 28 0, 44, 49 77, 28 
[49] 63 d 84, 98 787 2.64 CS 32, 
27 
0, 7.5, 10, 15, 20, 40, 
80 
37, 32, 40, 35 
[2] 16 kg 91, 119 450 2.98 O 51 0, 100 151, 51, 151 
[41] weanling 84, 126 621 3.67 O 28, 
29, 
31 
0, 100 120, 122, 122 
[51] 28 d 28 342 - O 34 0, 106 34, 140 
[16] 22 kg 68 500 2.90 O 33, 
38 
0, 12, 17, 67 50, 100 
[39] 25 kg 50 - - O 37 0, 30, 60, 120 37 not enough 
[40] weanling 105 767 3.19 O 31-
46 
0, 43.8, 84.4  120 
[43] 58-67 42 555 - O 32 0,12, 48 44, 80, 80 
A  S = synthetic or semi-synthetic diet; CS = corn-soybean meal diet; O = other mixed diets 
B  two or more values represent the results of more experiments 
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Of the synthetic diets it is clear that supplementation with Zn results in better growth performance, 
as well as for the other type of diets. In all but two synthetic diets only one supplementary level of 
Zn was used, which cannot be used for a proper evaluation on the level for assessing optimal 
performance. In the two experiments [31] and [12] total Zn content for maximal performance was 
70 and 35 mg/kg, respectively. Only five authors used experiments with maize-soybean meal diets 
with more than two supplementary levels of Zn. For each separate author the mean level of Zn was 
calculated if more than one experiment was done. It shows that there is a large variation in Zn 
levels for maximal growth performance (Table 3.7). It revealed that in the maize-soybean meal 
diets maximal performance was achieved on average at 59 mg/kg. For the other mixed diets (three 
authors) this value was 88 mg/kg, which is substantially higher than for the maize-soybean meal 
diets. It may be remarked that the values are slightly overestimated, because the maximal 
performance might have been achieved at a level between this and the lower supplementation 
level. Therefore, we subtracted for each type of diet, the mean of the difference between two 
supplementary levels of Zn from the level we obtained for maximal growth performance. This 
resulted in (52 – 7 =) 45 mg/kg for the synthetic diets, (59 – 15 =) 45 mg/kg for the maize-soybean 
meal diet and (88 – 21 =) 67 mg/kg for the other mixed diets. It is surprising that the same Zn level 
for both the synthetic and maize-soybean meal diets were obtained. It may be speculated that the 
level for the maize-soybean meal diet is underestimated. On average for the maize-soybean meal 
diets and other mixed diets the mean level of Zn at which maximal performance was obtained was 
56 mg/kg.  
Concerning the growth performance, it can be remarked that for growing-finishing pigs average 
growth rate (g/d) and FCR were 628 ± 123 and 2.96 ± 0.28, respectively, while for weaned piglets 
these were 369 ± 153 and 2.43 ± 0.93, respectively. These performance data are 10 to 20% worse 
than in practice in The Netherlands today. For Zn, only 8 out of 52 experiments used pigs growing 
faster than 700 g/d. Applicability of the assessment of the dietary Zn requirement to currently fast-
growing pigs is, therefore, questionable. However, the highest growth rate (882 g/d from 55 to 104 
kg) and a feed conversion ratio of 3.12, reported relatively recently (1994), was attained at dietary 
Zn levels of 36 mg/kg [49] in a maize-soybean meal diet.  
 
3.4.2.2. Differences between intrinsic and added Zn 
Similar to Cu, differences between dietary Zn from intrinsic or extrinsic origin cannot be excluded. 
As (differences in) bone Zn concentrations can be considered to be the most reliable response 
parameters, only this group of references was considered. An attempt was made to compose 
groups of references using similar total dietary Zn concentrations. Ranges of total dietary Zn 
concentrations (25-35 mg/kg and 35-45 mg/kg) were chosen arbitrarily. As dietary total Zn 
concentrations are similar, the differences originate from the partition between intrinsic and added 
Zn. However, also the length of the experimental period and the possible differences in Zn content 
of the tissues when the experiment started may play a part in the differences obtained (Table 3.4). 
The results are presented in Table 3.8. 
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Table 3.8. Comparison of results obtained on rations with similar total dietary Zn concentrations 
(25-35 mg/kg and 35-45 mg/kg, respectively) from different origin (intrinsic vs. added); δ = 
difference as compared with the basal level 
 
Reference Basal Zn 
(mg/kg) 
Added Zn 
(mg/kg) 
Total Zn 
(mg/kg) 
Bone Zn (mg/kg 
in fat-free DM) 
δ bone Zn 
mg/kg (in fat-
free DM) 
[12] 6.6 19.6 26.2 160 123 
 6.6 28.1 34.7 175 138 
[27] 25 0 25 64 - 
[49] expt. 1 27 0 27 107.1 - 
       expt. 1 27 5 32 108.7 1.6 
       expt. 2 27 0 27 66.9 - 
       expt. 2 27 7.5 34.5 77.8 10.9 
[12] 6.6 30.1 36.7 170 133 
[40]  38.5 0 38.5 83.8 - 
[49] expt. 1 27 10 37 133.3 26.2 
       expt. 2 27 15 42 88.2 21.3 
 
In the first group (25 – 35 mg/kg Zn) the bone Zn concentrations of [12] are much higher than of 
[27] and [49]. In the second group (37 – 42 mg/kg Zn) also bone Zn content of [12] is higher than of 
[40] and [49]. This implies that intrinsic Zn has a lower Zn availability than added Zn. Based on 
these data it is impossible to quantify intrinsic Zn compared with an amount of supplementary Zn. 
 
3.5. Conclusion 
3.5.1. Copper 
Based on serum Cu concentrations, dietary total Cu requirement in synthetic diets should be 
around 4 mg/kg. No differences could be observed between effects of either intrinsic or added 
dietary Cu. In practice this may mean that for practical diets, which have an intrinsic Cu content of 
6 to 10 mg/kg, an addition of 4 mg/kg Cu will be sufficient. Furthermore, no differences between 
pigs depleted or fed normal Cu levels before the start of the experiment could be observed. Finally, 
the duration of the experiment had no visible influence on liver Cu concentrations. 
 
3.5.2. Zinc 
Based on the available data, it is clear that diets should be supplemented with a Zn source. 
Maximal growth performance for pigs receiving maize-soybean meal diets or other mixed diets (no 
synthetic diets) was achieved at 56 mg/kg, which may be slightly underestimated. The reason for 
this is that in the first place the Zn level in the maize-soybean meal diet seems to be 
underestimated. Secondly, the data presented in Table 3.4 show that growth performance of the 
pigs used in the experiments is ± 20% lower than current Dutch performance levels. Higher feed 
conversion ratios of pigs used in the experiments mean that feed consumption is higher at the 
same growth rate. Therefore, it should be kept in mind that at current - lower - feed consumption 
levels per kg live weight gain, dietary total Zn concentrations should be higher than the 
assessment made above. The assessed requirement may, therefore, have to be adapted to the 
current improved feed conversion ratios. Therefore, a concentration of 67 mg Zn/kg is 
recommended as was obtained for pigs receiving other diets than maize-soybean meal. 
From the available data it was shown that intrinsic Zn has a lower availability than added dietary 
Zn. Finally, also the duration of the experiment had no visible effect on bone Zn concentrations. 
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3.7. Appendices growing-finishing pigs 
Appendix 3.1. References as used by A(F)RC and NRC and their reasons of rejection for this study 
 
Reference Element Part Reason of rejection 
[6] Zn All As the control group receiving a diet containing 7.3 
mg/kg of Zn lost instead of gained weight during the 
experiment, the data from this experiment were 
unsuitable for statistical analysis  
[41] Zn Experiment 4 Pigs fed severely Zn-deficient rations (33 mg/kg Zn) for 
over 7 months were considered to be unsuitable to 
reliably assess Zn needs 
[45] Cu Experiment 1 Insufficient information for statistical analysis 
[47] Zn All No control group included, Ca content of the ration was 
1.55% 
[7;17;19;33;
36;44;48] 
Cu[7;36;48] 
Zn[17;19;33;44] 
All Insufficient information for statistical analysis 
 
Appendix 3.2. Selected results of regression analysis of Cu data (Number = number of 
observations; Cu = dietary Cu concentration; C  = Mallow’s C  [37]; FCR = feed conversion ratio; 
Hb = hemoglobin concentration; serum Cp = serum ceruloplasmin concentration; δ = difference as 
compared with basal level) 
p p
 
Response 
parameter 
Number Cu δ Cu Ca Zn Phytate P R  2adjusted C  p
Growth 8 -2.52  -4.91 5.39 6.09 99.6 5.00 
Feed intake 5 13.00  12.10 - -10.83 98.2 4.00 
FCR 4 -17.04  - - 18.48 99.3 3.00 
Hb 6 8.16  9.23 -9.29 11.16 99.0 5.00 
Serum Cu 11 9.28  0.40 -0.79 -0.74 95.6 5.00 
Serum Cp 8 10.78  - - - 94.3 2.06 
Kidney Cu 6 6.89  - - -5.53 98.6 2.01 
δ growth 7  24.58 -20.09 -
21.63 
-24.73 99.3 5.00 
δ Hb 6  3.23 5.66 - -6.42 96.2 3.51 
 6  1.87 - 6.57 -10.90 97.1 3.13 
δ liver Cu 10  10.43 -2.59 -1.36 -8.56 95.9 5.00 
 10  10.33 -6.21 - -12.95 95.4 4.86 
δ serum Cp 8  10.39 -14.77 - -25.31 99.1 3.38 
 8  8.29 -2.30 0.61 -4.71 99.0 5.00 
δ kidney Cu 6  -5.40 6.19 - 5.92 93.8 4.00 
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Appendix 3.3. Selected results of regression analysis of Zn data (Number = number of 
observations; Cp = Mallow’s Cp [37]; FCR = feed conversion ratio; serum AP = serum alkaline 
phosphatase activity; δ = difference as compared with basal level) 
 
Response 
parameter 
Number Zn δ Zn Ca Cu Fe Phytate P Phytase R2adjusted Cp 
Growth 50 2.02  -1.48 1.68 2.75 2.46  32.3 5.01 
Feed intake 39 0.43  - - 1.77 3.55 -1.79 35.8 4.05 
FCR 41 0.39  - - -3.21 -3.14 - 22.6 2.34 
Plasma Zn 20 3.98  - - 2.66 - 1.13 56.4 4.6 
 20 1.51  1.55 1.18 3.44 1.75 - 60.6 5.11 
Serum AP 19 0.24  0.76 - - - 4.76 53.6 3.10 
Bone Zn 6 2.53  - - - - - 52.0 0.42 
δ growth 50 -3.70 1.50 0.99 -2.32 - 2.46 -2.37 21.1 6.27 
 50 -3.61 1.43 - -2.28 - -2.29 -2.36 21.2 5.23 
δ feed intake 39 -1.24 0.71 - - -2.50 - - 9.0 2.22 
δ FCR 41 1.35 -1.78 - -1.59 2.62 2.89 - 47.1 4.55 
δ plasma Zn 20 - 3.65 - -0.50 -1.89 - - 48.2 0.61 
δ serum AP 19 - 1.63 - -0.87 - - 1.84 8.8 0.93 
δ bone Zn 6 - 3.83 0.73 - - - - 72.2 1.67 
 6 - 3.43 - - - -0.65 - 71.3 1.72 
 
Appendix 3.4. Lower and upper limits and indifferent ranges of Zn requirements of pigs (mg/kg) as 
given by different authors 
 
Lower limit 
(mg/kg) 
Reference No difference in 
performance between 
(mg/kg) 
Reference Upper limit 
(mg/kg) 
Reference 
12 [32;50] 25 – 47  [25] 100 [16] 
16 [21] 26 – 31 [12] 94 [25] 
20 [31;44] 28 – 123  [1]   
22 [26] 28 – 105  [9]   
25 [5;27] 34 – 140  [51]   
28 [9;19;34] 37 – 42 [49]   
31 [30;41] 39 – 114 [19]   
33 [16;17] 51 – 151  [2]   
35 [19;28] 53 – 105  [23]   
36 [19] 56 – 127 [4]   
38 [42] 92 – 150  [39]   
44 [43] 82 – 122  [40]   
46 [40]     
47 [49]     
53 [29]     
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4. Copper and zinc requirements of broilers 
4.1. Introduction 
4.1.1. Procedure 
In this chapter, references concerning dietary Cu and Zn requirements of chicks as quoted by 
A(F)RC and NRC, as well as recent reports from scientific literature are listed and evaluated. No 
further information concerning suitable scientific references as used by DLG/GfE and INRA could 
be obtained.  
 
4.1.2. Premises, suppositions and calculations 
In most cases, only few data concerning mineral and phytate concentrations of the diets were 
given. Lacking values that were regarded necessary for evaluation of the requirements, were 
calculated for all diets based on the raw material composition, using a linear programming package 
(OPTISAM). 
Frequently, only the final BW of the chicks was given. To calculate growth performance of chicks 
starting the experiment at the age of one day, initial BW was assumed to be 34 g.  
All hepatic Cu and Zn concentrations were calculated on a DM basis. When values were 
expressed as mg/kg fresh tissue, DM content of chick liver was supposed to be 25% [31]. If bone 
Zn concentrations were given as mg/kg (ash weight basis) [43], these results were recalculated 
and expressed as mg/kg (fat-free DM); if ash % of the DM was not given, it was supposed to be 
54.4% [44]. 
 
4.1.3. Rejected references 
Several reports as used by A(F)RC and NRC had to be rejected for this study due to the fact that 
they did not respond to the criteria set for this study. The reasons for rejection are listed in 
Appendix 4.1. 
Besides the references used by AFRC and NRC, also other reports were used to assess Cu and 
Zn requirements. Unsuitable parts of these references, as well as the reasons of their rejection, are 
listed in Table 4.1.  
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Table 4.1. Parts of other references than used by AFRC and NRC not suitable for this study 
 
Reference Element Part Reason of rejection 
[1] Cu Parts of experiment 2, 3 Cuprous and cupric oxide used as Cu sources 
[2] Cu Experiment 2 Cu levels exceeding 50 mg/kg 
[4] Cu Experiment 1 
Experiment 2 
Experiment 4 
Similar to reference [2] 
No negative control group 
Cu levels exceeding 50 mg/kg 
[13] Zn Experiment 1, 3 Zn levels exceeding 200 mg/kg 
[16;39] Zn Whole reference Limited value because insufficient information was given 
[20] Cu Experiment 2 During the pretest period (8 days), the chicks were fed a 
diet containing 1.1 mg/kg Cu  
[29] Zn Whole reference In all experiments Zn and Mn were added together to 
the ration, so no separate dietary Zn effect could be 
determined 
[44] Zn Bone Zn concentrations Bone Zn concentrations were already as high as 158 
mg/kg (fat-free DM) on a ration containing < 1 mg/kg 
total Zn and increased up to 306 mg/kg when the total 
Zn concentration was 21 mg/kg. These values were 
considered to be erratically high  
[43;44] Zn Experiment 1, 2 Dietary Zn levels exceeded 200 mg/kg 
 
4.2. Available literature  
The references suitable for evaluation of Cu requirements are listed in Table 4.2, and those 
suitable for evaluation of Zn requirements are listed in Table 4.3. 
 
Table 4.2. Overview of the experiments used for evaluation of Cu requirements of chicks; D = 
duration of the experiment; FCR = feed conversion ratio; Cp = ceruloplasmin; P = performance; 
SOD = superoxide dismutase; Hb = hemoglobin concentration 
 
Growth
(g/d) 
Basal Cu Added Cu Refer-e Age of bird
start (d) 
D (d) 
 
FCR Response criteria Type of d
ppm in fresh 
[1] 8 15 14.3 1.54 P, plasma and liver 
Cu 
S 0.56 0, 0.5, 1, 2, 4, 8, 12, 16 
[2] 8 13 18.4 1.51 Performance S 0.6 0, 0.5, 1 
[3] 8 14 15 1.46 Performance S 0.6 0, 0.5, 1 
[4] 8 13 18.6 1.37 Performance S 0.6 0, 0.5, 1 
[5] 8 13 20.8 1.44 Performance S 0.6 0, 1 
[15] 1 42 26.6 - P, Hb, serum Cp,  
liver Cu 
S 0.9, 3.2 
(2.3) B   
0, 0.8, 1.3, 1.7, 2.2, 3.0;  
3.9, 6.5,10.5 
[17] 1 22, 19,  
30 
- - Hb S - 0.8, 1.5, 1.8, 2.2, 3.2,  
3.5, 4.8, 5.2, 5.5  
[20] 10 6 23.7 1.43 P, plasma Cu, SOD 
and Cp 
S 1.1 0, 5,10,15 
[24] 1 21 11.6 - Growth, Hb S 0.8 2, 4, 6, 8, 10, 12 
[25] 1 21 9.5 - Growth, Hb, liver Cu S - 1, 2 
[35] 1 21 8.3 - Performance S 0.3 0, 2, 4, 8, 16 
A  S = synthetic or semi-synthetic diet 
B  figure within brackets is added inorganic Cu to the basal diet 
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Table 4.3. Overview of the experiments used for evaluation of Zn requirements of chicks; D= 
duration of the experiment; FCR = feed conversion ratio, P = performance 
 
Basal Zn Added Zn Refer-
ence 
Age (d) 
of bird 
at start 
D (d) Growth 
(g/d) 
FCR Response criteria Type 
of 
dietA
ppm in fresh 
[3] 8  14 11.6 1.88 P, bone Zn S 13 0, 3, 4, 6, 8 
[7] 8 14 15.7 1.76 Performance S 13.5 0, 5, 6, 11, 15, 20 
[9] 1 21 17 1.47 P, bone, serum and 
liver Zn 
S 7 0, 4, 8, 12, 16, 20 
[12] 8 12 19.3 - P, bone Zn S 13.5 0, 5, 9, 10 
[13] 8 12 21 - Performance  S 0 0, 5, 10, 15, 20, 25 
[21] 1 28 13.1 - Performance S 9.3(5.5) B 0, 60 
[22] 1 21 5.7 - Performance S 10.5 0, 40 
[31] 12 14 17.4 1.44 Performance S 30(5) B 0, 5, 25, 100 
[33] 1 28 12.8 - Performance S 6.6(6) B 0, 52 
[34] 1 28 18.4 - Performance S 11, 12, 13, 17, 18 0, 55 
[39] 1 28, 21, 
49 
6.7, 31.6 1.84 Performance S 8 10, 17, 20, 30, 40, 50, 117 
[41] 1 28 13.2 1.52 Performance S 10 0, 10, 20, 40, 80, 100
[42] - 28 - 1.77 Performance S 16, 36(20) B 0, 20, 80 
[44] 8 14 12.9 1.79 Performance, bone Zn S 0 0, 4, 7, 10, 14, 21 
[45] 3 35 40.4 1.54 Performance S - 13, 20, 27, 34, 45 
[48] 8 14 18.4 1.23 P, bone and plasma 
Zn 
S 13 0, 2.5, 5, 7.5, 10, 15, 
20, 40 
[50] 1 10, 21 7.1-9.3 1.85, 1 Performance S 15 0, 10, 20, 40, 60, 80, 
160 
[51] 1 28 18.5 1.68 Performance S 4.8, 5.2, 6.5, 8.6,  
9.0 
0, 5, 10, 15, 20, 25, 
30, 60, 90, 120 
[11] 1 14 9.6 1.68 Performance CS 37, 41 0, 10, 20, 40, 80, 100
[11] 1 42 17.2 - Performance CS 37, 41 0, 10, 20, 40, 80, 100
[6] 8 14 19.2 1.55 P, plasma and liver 
Zn 
CS 33 0, 52 
[19] - 29 23.1 1.73 Performance CS 100(75)B 0, 40 
[21] 1 28 13.1 - Performance O 45.8(5.8);17.1 
(5.5) B 
0, 30, 60 
[26] 1 63 18.7 2.62 Performance CS 36 0, 15, 36, 66, 108 
[30] 5 16 36.5 1.48 P, bone and plasma Zn O 20, 65(40) B 0, 10, 20, 40, 50, 65, 
85 
[40] 1 14 27.8 1.32 Performance CS 42 0, 40 
[43] - 19 - - P, bone, liver and 
pancreas Zn  
CS 31 0, 40, 80, 120 
[46] - 21, 28 - - Performance CS 44, 50 0, 26, 52, 104 
[46] - 56 - - Performance CS 44, 50 0, 26, 52, 104 
[51] 1 28 18.5 1.68 Performance CS 36, 37, 43 0, 100 
[16] 1 15 - 1.47 Performance O 40 0, 60 
A  S = synthetic or semi-synthetic diet; CS = corn-soybean meal diet; O = other mixed diets 
B  figure within brackets is added inorganic Zn to the basal diet 
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4.3. Statistical analysis 
The data were subjected to multiple regression analysis. First, possible models were selected 
based on Mallow’s Cp. Then, these selected models were subsequently analysed by forward, 
backward and stepwise selection of variables. The statistical package Genstat 5, release 3.1 [37] 
was used throughout.  
Only physiologically relevant explaining parameters were included in the statistical analysis. For 
Cu, these were dietary Cu, Ca and Zn concentrations, whereas phytase P and phytase activities 
could not be used because of S diets. For Zn, the explaining parameters were dietary Zn, Ca, Cu, 
Fe, and phytate P concentrations, as well as dietary phytase activities. 
Both total and added dietary Cu or Zn concentrations were included in the statistical analysis to 
disclose possible differences between the effects of intrinsic and extrinsic minerals in the total 
ration. 
Suitable models should at least comply with the following conditions:  
Dietary Cu or Zn content is an explanatory parameter in the model 
R2adjusted is > 70.0% 
Cp is < p + 3 (p = number of explaining parameters in the model) [36] 
The number of observations is > 4 
The coefficient is significant (P < 0.05). 
If models, based on these conditions, seemed to be appropriate, data were presented in a graph. 
Then, the best parameters (showing a visible correlation in the graph) were subjected to broken 
line analysis to obtain a breakpoint value. This breakpoint discriminates between the first phase of 
the graph, in which the response parameter increases with each increase in dietary Cu or Zn 
concentrations, and the second phase, a non-responsive plateau of response parameter values. 
This breakpoint, therefore, suggests the attainment of the dietary Cu or Zn requirement. 
 
4.4. Results and discussion 
4.4.1. Copper 
4.4.1.1. Total Cu requirements 
It was not possible to include either phytate P concentration (only synthetic diets) as an 
explanatory parameter or feed intake, FCR, and plasma Cu as response parameters in the 
regression analysis. A significant correlation was shown between δ serum Cp and δ dietary Cu 
(R2adjusted = 93.2; Cp = 2.00; coefficient for Cu = 5.33). However, the number of observations (n = 3) 
was too small to be of sufficient value. Furthermore, graphic presentation of the data did not show 
any visible relationship. Therefore, these results had to be ignored. More selected results of 
statistical analyses are presented in Appendix 4.2. 
As statistical analysis of Cu data did not show significant correlations between dietary Cu and any 
of the parameters measured, Cu requirements had to be assessed by comparison of the different 
experiments. This indicated that for obtaining maximal growth performance, dietary Cu 
concentrations for growing chicks ranged from 1.1 to 16.3 mg/kg of (synthetic) diet. Calculation of 
the mean dietary Cu concentration for maximal growth performance, as described in Chapter 
3.4.2.1, could be assessed for six references. This was 7.5 and ranged from 1.1 to 13.6 mg Cu/kg 
diet and seemed thus not very useful. However, omitting the high values of 13.6 and 12.3, the 
average was 4.7 mg Cu/kg of diet (n = 4). 
As far as possible, the indicators as listed by Jongbloed et al. [18] were used to judge the relative 
importance of the different results. Unfortunately, in only few cases suitable parameters were 
reported (performance and liver Cu content). Therefore, although the number of reports is already 
small, the three reports [1;15;25] giving hepatic Cu concentrations may be more important. This 
means that dietary Cu concentrations should be (mg/kg) 2.6 – 4.6, 4.6, or 2.4 – 3.1. Considering 
these results, 4.8 mg/kg, rounded to 5 mg/kg, may be recommended as dietary total Cu 
requirement for the growing chick receiving synthetic diets.  
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Growth rate, final BW and FCR determined in the experiments were compared with the feeding 
scheme of male Ross broilers, which are most commonly used in The Netherlands. Male broilers 
were chosen because the scheme originates from 1998 and meanwhile growth performance of 
broilers has been improved. It appeared that in all experiments using (semi)synthetic diets, final 
weights of the birds were at least 50% less than according to the Ross 208 scheme (Appendix 
4.3). The FCR, however, was almost the same. Maybe the breed of the birds is to a large extent 
responsible for the difference in growth rate. At the same FCR, per kg growth the same amount of 
Cu is provided. As the Cu content of the body is very low (1 mg/kg), it may be speculated that at 
the same supply of Cu per kg growth the estimated Cu requirement is also valid for fast-growing 
chicks.  
 
4.4.1.2. Differences between intrinsic and added Cu 
Nearly all experiments used (semi)synthetic basal diets containing ± 1 mg/kg Cu or less, which is 
well below the recommended requirement. Thus, by far most of the Cu in the diets is of extrinsic 
origin. Therefore, it is not possible to discriminate between effects of basal and added Cu. 
4.4.2. Zinc 
4.4.2.1. Dietary total Zn requirements 
It appeared to be impossible to include phytase activity as an explanatory parameter in the 
regression analysis. This is not surprising. Apart from the synthetic and maize-soybean meal diets 
there were only two diets containing some phytase activity. It may be assumed that intrinsic 
phytase activity in the bird itself does not play any role, because the supply of available P was 
sufficient. For Zn, significant correlations were shown between dietary and bone Zn concentrations. 
When calculating relationships between dietary and plasma Zn concentrations, we noticed very low 
plasma Zn concentrations in the publication by Wedekind and Baker (1990). As the results in our 
data file showed to be correct, we concluded that their data were at least a factor 10 too low and 
therefore, their data on plasma Zn were omitted. The regression coefficients of Ca and phytate 
content for estimation of plasma Zn are opposite to what may be expected. This may be a.o. due to 
the low number of observations.  
Selected results on bone Zn are presented in Table 4.4. More selected results are presented in 
Appendix 4.4. 
 
Table 4.4. Selected results of regression analyses of Zn data in chicks (n = number of 
observations; Zn = dietary Zn concentrations; Cp = Mallow’s Cp [36]). 
 
Response 
parameter 
n Zn 
(mg/kg) 
Ca (g/kg) Phytate P 
(g/kg) 
Cu 
(mg/kg) 
Fe 
(mg/kg) 
R2adjusted Cp 
Bone Zn 13 1.10 -15.5 -13.7 -4.8 - 97.7 4.1 
 13 1.05 -14.3 -12.7 -1.4 0.24 97.4 6.0 
 
Table 4.4. shows that dietary Ca and phytate P contents have a negative effect on bone Zn content 
as well as Cu. 
 
- 44 - Animal Sciences Group - Nutrition and Food  
 
 
Broken line analysis showed a proper estimation with a breakpoint value of 65 mg Zn/kg of diet. 
However, further exploration of the data from the six references showed that the line was based 
predominantly on data from a maize-soybean meal diet [43] and an other type of diet [29]. This is 
visualized in Figure 4.1. 
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Figure 4.1. Relationship between individual dietary Zn concentrations and bone Zn concentrations 
in growing broilers  
 
The relationship between dietary and plasma Zn concentrations could not be properly estimated 
due to the deletion of three experiments of Wedekind and Baker (1990), so that only four 
experiments were left (see also Figure 4A as Appendix 4.6). Figure 4.2 shows the relationship 
between total Zn and total plasma Zn of broilers. 
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Figure 4.2. Relationship between dietary and total plasma Zn concentrations in growing chicks 
 
Figure 4.2 shows that, apart from the values by [48], at a concentration around 60 mg Zn/kg of diet 
a plateau in total plasma Zn has been achieved.  
For all experiments listed in Table 4.3, we made a review of the total Zn content at which numeric 
level the best growth performance was obtained, without taking into account significant differences 
(Appendix 4.7; see also Chapter 3.4.2.1). Furthermore, we ranked according to the type of diet. No 
distinction was made between the maize-soybean meal and other type of diets, because the latter 
also contained a large proportion of maize and soybean meal. The mean content at which maximal 
performance was achieved (corrected for the difference of two successive supplementary levels of 
Zn) for broilers receiving (semi)synthetic diets was 35 mg Zn/kg (n = 8). For the maize-soybean 
meal and other types of diets this was 69 mg Zn/kg of diet (n = 9). It can be calculated that the 
amount of Zn that had been added to the basal diets was 23 and 31 mg Zn, respectively, for the 
(semi)synthetic and other diets. 
Surprisingly, the values of 65 mg/kg for maximal bone Zn content and 69 mg/kg for maximal 
performance are rather close to each other. However, it may be speculated that in general the 
dietary Zn concentration for maximal bone Zn content (only three references) is higher than 
required for maximal growth performance. A mean concentration of 67 mg/kg, may be 
recommended as dietary total Zn requirement of growing chicks, which may be sufficient. As in 
none of the suitable experiments varying levels of dietary phytase were investigated, it is not 
possible to calculate the influence of phytase on Zn metabolism of broilers. The only report 
employing different levels of phytase [29] had to be omitted (Table 4.1).  
The reports used for the assessment of the dietary requirement of Zn originate from 1984-1999. 
Growth rate, final BW and FCR determined in the experiments were compared with the feeding 
scheme of male 208 Ross broilers. It appeared that except for three experiments, all final weights 
of the birds were at least 50% less than according to the Ross scheme (Appendix 4.5). The FCR, 
however, was except for three experiments, almost similar to the Ross scheme. Maybe the type of 
the birds is to a large extent responsible for the difference in growth rate. At the same FCR, 
however, per kg growth the same amount of Zn is provided. The question remains if applicability of 
the assessed requirement to modern, fast-growing chicks is still valid. 
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Furthermore, only 9 experiments reported bone Zn concentrations and were, therefore, involved in 
the assessment. However, the most recent report [30] with the highest growth rates (28 – 39 g/day) 
obtained maximal performance at 40 mg Zn/kg in one experiment, while there was hardly any 
difference between 65 and 150 mg Zn/kg in the other experiment. This may mean that the 
recommended value of 67 mg/kg of diet may be even applicable to fast-growing broilers. 
 
4.4.2.2. Differences between intrinsic and added Zn 
Concerning the difference between metabolic effects of intrinsic vs. added Zn, some selected 
results are given in Table 4.5. As (differences in) bone Zn concentrations were indicated by 
Jongbloed et al. [18] to be the most important indicators of the accuracy of dietary Zn supply in 
poultry, initially only references reporting bone Zn data were used. Diets containing similar total Zn, 
but from different origin (intrinsic vs. added) are compared with regard to their effects on (δ) bone 
Zn concentrations. As dietary total Zn concentrations are similar, occurring differences may 
originate from differences in the partition between intrinsic and added Zn. Ranges of total dietary 
Zn (25-35 and 35-45 mg/kg, respectively) were chosen arbitrarily, as for these ranges a reasonable 
number of observations was available.  
 
Table 4.5. Selected results of references using similar dietary total Zn concentrations from different 
origin (intrinsic vs. added) and supplying data on bone Zn concentrations 
 
Reference Basal Zn Added Zn Total Zn Duration 
expt. 
Bone Zn δ bone Zn 
  mg/kg (d) mg/kg (fat-free DM) 
[3] 13 2.9 15.9 14 33 6 
 13 4 17 14 35 8 
 13 5.8 18.8 14 40 13 
 13 8 21 14 44 16 
[9] 7 12 19 21 131 116 
 7 16 23 21 156 140 
[12] 13.5 4.8 18.3 12 23 10 
 13.5 9.9 23.4 12 39 26 
[30] 20 0 20 16 45 - 
[48] 13 2.5 15.5 14 29 3 
 13 2.5 15.5 14 51 17 
 13 2.5 15.5 14 37 3 
 13 5 18 14 37 11 
 13 5 18 14 73 39 
 13 5 18 14 49 15 
 13 10 23 14 54 28 
[9] 7 20 27 21 193 178 
[48] 13 15 28 14 69 38 
[30] 20 10 30 16 62 17 
[48] 13 20 33 14 83 58 
[43] 35 0 35 19 149 - 
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Graphic presentation of the relationship between added dietary and total bone Zn concentrations, 
however, did not show a clear relationship (15-25 mg/kg total dietary Zn; Figure 4.3). 
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Figure 4.3. Relationship between added dietary Zn and total bone Zn concentrations in growing 
chicks (total dietary Zn 15-25 mg/kg Zn) 
 
The relationship between added dietary Zn and δ bone Zn concentrations showed a similar graph, 
whereas no visible relationships between either basal or added dietary Zn and δ or total bone Zn 
concentrations could be observed. The same was the case for data from the total dietary Zn range 
of 25-35 mg/kg, mainly due to the limited number of observations within this range. As Jongbloed 
et al. [18] indicated plasma/serum Zn concentrations to be the second best indicator of dietary Zn 
status in chicks when dietary Zn supply was below their requirements, attention was also paid to 
this parameter. However, there were too few observations to make a proper comparison. However, 
based on maximal performance data, it was shown that total dietary Zn content of (semi)synthetic 
diets was 35 mg Zn/kg, while for the maize-soybean meal and other diets this was 69 mg Zn/kg of 
diet. It was calculated that the amount of Zn that had been added to the basal diets was 23 and 31 
mg Zn, respectively, for the (semi)synthetic and other diets. This is an indication for differences in 
metabolic effects between intrinsic and extrinsic Zn 
In summary, neither relationships between dietary Zn and bone Zn concentrations nor between 
dietary Zn and plasma Zn concentrations supply convincing evidence for any difference in 
metabolic effects of intrinsic and extrinsic dietary Zn in poultry rations, but based on required 
dietary Zn concentrations for maximal performance there are indications for differences in 
metabolic effects between intrinsic and extrinsic Zn.  
 
4.5. Conclusions 
4.5.1. Copper 
Dietary total Cu requirement of growing chicks in (semi)synthetic diets can be assessed to be 5 
mg/kg Cu as based on hepatic Cu content. Based on the estimates for maximal growth 
performance, this was 7 mg Cu/kg diet. For practical diets this may mean that an addition of 5 mg 
Cu/kg of diet will be sufficient. As growth rate of the chicks used in the experiments was 
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substantially lower than but FCR was almost the same as current Dutch performance levels, 
applicability of this assessment to modern chicks is questionable. It can be recommended to 
supplement broiler diets with 6 mg Cu/kg of diet (mean of 5 and 7 mg/kg diet). 
Due to a lack of suitable data no conclusion can be drawn on differences between the effects of 
intrinsic vs. added dietary Cu. The same is the case for effects of dietary Cu level during the pre-
test period and for the duration of the experiment.  
 
4.5.2. Zinc 
Based on bone Zn data and maximal performance dietary total Zn requirement can be assessed to 
be on average 67 mg/kg for maize-soybean meal diets. Because today broilers have a much 
higher growth rate and a better feed conversion ratio than in the experiments reviewed, and also 
other diets than maize-soybean meal diets are provided, a 10 percent higher Zn requirement may 
be recommended, being 74 mg Zn/kg. Unfortunately, plasma Zn data did not yield a sufficiently 
reliable model to supply extra information on Zn requirements. There is an indication for 
differences between the effects of intrinsic vs. added dietary Zn. Neither dietary Zn levels during 
the pre-test period nor the duration of the experiment appeared to have any influence on the bone 
Zn concentrations measured. As starting day of the experiment (day 1 vs. day 8) and dietary Zn 
level during the pre-test period were interrelated, also no effect of starting day on bone Zn levels 
could be observed.  
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4.7. Appendices broilers 
Appendix 4.1. References as used by A(F)RC and NRC and their reasons of rejection for this study 
 
Reference Element Part Reason of rejection 
[10;27] Zn Whole experiment Only Zn65 absorption 
determined, no performance 
data given 
[42] Zn Exp. 1 (groups 4, 5); exp. 2 
[34] Zn Exp. 1 (G-L) 
[22] Zn Replicates 1, 2; other diets 
containing 1.6% Ca 
[8;24;25;32] Zn/Cu [8]; 
Cu[24;25];Zn[32] 
Whole experiment 
[31] Zn Experiment 3; second part of 
experiment 4 
[51] Zn Experiments E, F, G 
Dietary Ca content exceeded 
1.4% 
 
[14;23;28;38;
47;49] 
Zn[14;28;38;47;49]; 
Cu[23] 
Whole reference Insufficient information 
[17] Zn Parts of experiment 1; whole 
experiments 2, 3 
Fe deficient diets (20 mg/kg Fe 
and lower) 
 
 
Appendix 4.2. Selected results of regression analysis of Cu data (n = number of observations; Cu – 
dietary Cu concentration; Cp = Mallow’s Cp [36]; FCR = feed conversion ratio; Hb = 
hemoglobin concentration; serum Cp = serum ceruloplasmin concentration 
 
Response 
parameter 
n Cu δ Cu Ca Zn R2adjusted Cp 
growth 17 2.55  1.71 - 29.5 10.60 
Hb 5 -0.44  4.27 - 99.5 4.00 
δ growth 18  -0.71 - - a 2.00 
δ feed intake 15  -1.79 - - 13.68 2.00 
δ FCR 15  0.68 - - b 2.00 
δ Hb 5  -0.10 - - c 2.00 
δ serum Cp 3  5.33 - - 93.2 2.00 
δ liver Cu 3  -0.08 - - d 2.00 
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Appendix 4.3. Comparison of broiler performance in literature receiving different dietary Cu levels 
with that of current Ross broilers 
 
       Ross 208 scheme 
Reference 
number 
Age 
start 
Days in 
expt 
Growth 
(g/d) 
FCR Weight at end 
expt (g) 
Age end 
expt 
Weight (g) FCR 
         
15 1 42 26.6 - 1157 43 2447 1.74 
17 1 22 - - -   23 949 1.42 
24 1 21 11.6 - 284 22 884 1.40 
25 1 21 9.5 - 240 22 884 1.40 
35 1 21 8.3 - 214 22 884 1.40 
1 8 15 14.3 1.54 315 23 949 1.42 
2 8 13 18.4 1.51 339 21 820 1.39 
3 8 14 15.0 1.46 310 22 884 1.40 
4 8 13 18.6 1.37 342 21 820 1.39 
5 8 13 20.8 1.44 370 21 820 1.39 
20 10 6 23.7 1.43 242 16 533 1.28 
 
Appendix 4.4. Selected results of regression analyses of Zn data (n = number of observations; Zn 
= dietary total Zn concentration; Cp = Mallow’s Cp [36]; FCR = feed conversion ratio 
 
Response 
parameter 
n Zn δ Zn Ca Phytate P Cu Fe R2adjusted Cp 
growth 57 0.62  1.51 - - - 0.9 1.14 
feed intake 36 1.26  - - -1.82 1.83 5.4 13.76 
FCR 35 -1.42  -3.65 -1.36 - - 40.0 2.19 
 35 -2.33  -3.25 - -1.05 - 38.6 2.88 
 35 -3.31  -3.44 - - - 38.4 1.95 
 35 -2.36  -3.33 - - -0.93 38.1 3.11 
bone Zn 13 1.10  -15.51 -13.69 -4.77 - 97.7 4.06 
 13 1.05  -14.27 -12.67 -1.44 0.24 97.4 6.00 
 13 0.87  -13.81 -12.00 - -3.99 97.0 6.07 
plasma Zn 7 79.43  13.87 8.28 -81.31  100.0 5.00 
δ growth 57 - -0.22 - -2.48 1.73 -0.94 8.5 3.80 
δ feed intake 36 -1.40 1.16 - -2.74 - - 42.0 4.35 
δ FCR 34 1.57 -2.36 4.17 1.67 - 1.01 59.6 5.55 
 34 1.71 -2.39 4.38 2.34 - - 59.5 4.56 
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Appendix 4.5. Comparison of broiler performance in literature receiving different dietary Zn levels 
with that of current Ross broilers 
 
Parameters observed in experiments reviewed Ross 208 scheme 
Reference 
number 
Age start 
(d) 
Age end 
expt 
Days in 
expt 
Growth 
(g/d) 
FCR Weight 
end (g) 
Weight 
(g) 
FCR 
         
[[50] 1 11 10 7.1 1.85 111 301 1.09 
[11] 1 15 14 9.6 1.68 174 481 1.25 
[40] 1 15 14 27.8 1.32 429 481 1.25 
[16] 1 16 15 - 1.47 - 533 1.28 
[22] 1 22 21 5.7 - 160 884 1.40 
[50] 1 22 21 9.3 1.64 235 884 1.40 
[46] 1 25 24 8.4 - 242 1084 1.46 
[21] 1 29 28 13.1 - 407 1370 1.52 
[33] 1 29 28 12.8 - 398 1370 1.52 
[34] 1 29 28 18.4 - 555 1370 1.52 
[39] 1 29 28 6.7 1.84 228 1370 1.52 
[41] 1 29 28 13.2 1.52 410 1370 1.52 
[42] 1 29 28 - 1.77 - 1370 1.52 
[51] 1 29 28 18.5 1.68 558 1370 1.52 
[19] 1 30 29 23.1 1.73 710 1444 1.54 
[11] 1 43 42 17.2 - 762 2447 1.74 
[39] 1 50 49 31.6 - 1588 2991 1.85 
[46] 1 57 56 9.8 - 589 3530 1.96 
[26] 1 64 63 18.7 2.62 1218 4067 2.07 
[45] 3 38 35 40.4 1.54 1454 2058 1.66 
[30] 5 21 16 36.5 1.48 624 820 1.39 
[12] 8 20 12 19.3 - 332 759 1.37 
[13] 8 20 12 21 - 352 759 1.37 
[3] 8 22 14 11.6 1.88 262 884 1.40 
[6] 8 22 14 19.2 1.55 369 884 1.40 
[7] 8 22 14 15.7 1.76 320 884 1.40 
[44] 8 22 14 12.9 1.79 281 884 1.40 
[48] 8 22 14 15 1.70 310 884 1.40 
[9] 8 29 21 17 1.47 457 1370 1.52 
[31] 12 26 14 17.4 1.44 344 1153 1.47 
[43] 1 20 19 - - - 736 1.38 
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Appendix 4.6. Figure 4A. Relationship between added dietary and plasma Zn concentrations 
in growing chicks  
0
5
10
15
20
25
30
35
40
0 20 40 60 80 100
Added dietary Zn (ppm)
To
ta
l p
la
sm
a 
Zn
 (µ
M
)
Ref [6] Ref [9] Ref [30] Ref [30] Ref [48] Ref [48] Ref [48]
Animal Sciences Group - Nutrition & Food - 55 - 
 
Appendix 4.7. Overview of maximal growth performance in the experiments used for evaluation of 
Zn requirements of broilers (D = duration of experiment; FCR = feed conversion ratio 
 
Basal Zn Added Zn 
Zn level at maximal 
performance for each 
separate experiment 
Refer-
ence 
Age of 
bird at 
start 
(d) 
D (d) Growth 
(g/d) 
FCR Type of 
dietA 
mg/kg in fresh 
[3] 8 14 11.6 1.88 S 13 0, 3, 4, 6, 8 21; 19 
[7] 8 14 15.7 1.76 S 13.5 0, 5, 6, 11, 15, 20 28.6; 24.3; 24.3 
[9] 1 21 17 1.47 S 7 0, 4, 8, 12, 16, 20 27 
[12] 8 12 19.3 - S 13.5 0, 5, 9, 10 24.3; 23.6; 22.6;  
[13] 8 12 21 - S 0 0, 5, 10, 15, 20, 25 15 
[21] 1 28 13.1 - S 9.3 (5.5) B 0, 60 69.3 
[22] 1 21 5.7 - S 10.5 0, 40 50.5 
[31] 12 14 17.4 1.44 S 30(5) B 0, 5, 25, 100 55; 55; 55 
[33] 1 28 12.8 - S 6.6(6) B 0, 52 58.6 
[34] 1 28 18.4 - S 11-18 0, 55 66; 68; 67; 72; 73 
[39] 1 28, 21, 
49 
6.7, 31.6   1.84 S 8 10, 17, 20, 30, 40, 50, 
117 
125; 48; 48; 58; 88 
[41] 1 28 13.2 1.52 S 10 0, 10, 20, 40, 80, 100 52.5; 110 
[42] - 28 - 1.77 S 16, 36(20)B 0, 20, 80 96; 96 
[44] 8 14 12.9 1.79 S 0 0, 4, 7, 10, 14, 21 21 
[45] 3 35 40.4 1.54 S - 13, 20, 27, 34, 45 45 
[48] 8 14 18.4 1.23 S 13 0, 2.5, 5, 7.5, 10, 15, 20, 
40 
33; 20.5; 20.5 
[50] 1 10, 21 7.1-9.3 1.85, 
1.64 
S 15 0, 10, 20, 40, 60, 80, 160 25; 25 
[51] 1 28 18.5 1.68 S 4.8, 5.2, 6.5, 
8.6, 9.0 
0, 5, 10, 15, 20, 25, 30, 
60, 90, 120 
20; 10; 12; 24; 24;  
143; 136; 137 
[11] 1 14 9.6 1.68 CS 37, 41 0, 10, 20, 40, 80, 100 121, 57, 61 
[11] 1 42 17.2 - CS 37, 41 0, 10, 20, 40, 80, 100 77, 51 
[6] 8 14 19.2 1.55 CS 33 0, 52 33 
[19] - 29 23.1 1.73 CS 100(75)B 0, 40 100 
[21] 1 28 13.1 - O 45.8 (5.8); 
17.1 (5.5)B 
0, 30, 60 105.8; 69.3; 77.1 
[26] 1 63 18.7 2.62 CS 36 0, 15, 36, 66, 108 105.8; 77.1 
[30] 5 16 36.5 1.48 O 20, 65(40) B 0,10,20,40,50,65,85 40; 130 
[40] 1 14 27.8 1.32 CS 42 0, 40 42 
[43] - 19 - - CS 31 0, 40, 80, 120 31.4; 31.4; 151 
[46] - 21, 28 - - CS 44, 50 0, 26, 52, 104 96; 44; 76 
[46] - 56 - - CS 44, 50 0, 26, 52, 104 96; 154; 50 
[51] 1 28 18.5 1.68 CS 36, 37, 43 0, 100 136; 137; 143 
[16] 1 15 - 1.47 O 40 0, 60 100 
 A S = (semi)synthetic diet; CS = corn-soybean meal diet; O = other type of diet 
 B value in brackets represent amount of added inorganic Zn in basal diet  
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5. Summary of requirements of Cu and Zn 
 
Table 5.1 summarizes the recommendations on requirements of Cu and Zn in different countries 
[2] and those obtained in our study. In some countries no discrimination is given between 
requirements according to physiological status of the animal. This means e.g. that the same 
requirement is given for growing and lactating animals. This is indicated in Table 5.1. 
 
Table 5.1. Summarized inventory of requirements of Cu and Zn in different countries and the 
results of our study (* = same for all categories of the specific animal species; [1]) 
 
Dairy cattle (concentrations as mg/kg DM) 
 Requirement of Cu Requirement of Zn 
Country  This study  This study 
NL 10* 25* 
UK 1-15* 30-50* 
USA 10 40 
D 10 50 
F 10* 
21 
50* 
> 25 
Piglets and growing-finishing pigs (concentrations as mg/kg fresh diet) 
Country  This study  This study 
UK [3] 6 (added) 100 (added; to 60 kg) 
80 (added; from 60 – 90 kg) 
60 (added; from 90 – 120 kg) 
USA 3.0 – 6 50 – 100 
D 4 – 5 45 – 90 
F 10* 
4 (added) 
100* 
> 67 
Broilers (concentrations as mg/kg fresh diet) 
Country  This study  This study 
UK 4 35 – 40 
USA 8 40 
D 6 – 7 40 – 50 
F 10 
6 (added) 
50 
74 
 
Comparison of the recommendations of Cu for dairy cattle in different countries shows that our 
recommendation of 21 mg/kg (DM) is substantially higher. Our recommendation is mainly based on 
limited information on maximal production performance (three references comprising six 
experiments). Maybe, 21 mg Cu/kg DM is even marginal at high Mo and S contents in the diet 
because of their negative effect Cu availability. There are too few references to make a reliable 
recommendation of Zn for dairy cattle. At least 25 mg Zn/kg DM should be present in the diet, 
which is lower than most recommendations. How much higher the Zn concentration should be can 
not be assessed due to lack of sufficient information. 
The recommendations of Cu for growing-finishing pigs are in agreement with our results. An 
addition of 4 mg/kg Cu to a complete diet (88% DM) is sufficient. The recommendations of Zn in 
different countries for growing-finishing pigs are intermediate with our results. Based on maize-
soybean meal diets 57 mg Zn/kg seems to be sufficient. The assessed requirement, however, 
should be adapted to the current improved feed conversion ratios. Therefore, a concentration of 67 
mg Zn/kg is recommended as was obtained for pigs receiving other types of diets than maize-
soybean meal.  
The recommendations of Cu for broilers are in agreement with our results. An addition of 6 mg/kg 
Cu to a complete diet (88% DM) is sufficient. The recommendations for Zn in different countries for 
broilers are lower than obtained in this study. Our suggestion is 74 mg/kg in a complete diet (88% 
DM), because it is unknown how much higher the level should be as a compensation for the better 
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growth rate and feed conversion ratio in broilers of today compared with those of the references 
used.  
When the results presented in Table 5.1 are compared with the maximum allowed concentrations 
from 26 January 2004 onwards [1], it can be seen that the requirements are substantially lower 
than the maximum allowed levels. Therefore, there is no risk for a sub optimal supply of Cu and Zn 
to the categories listed in Table 5.2. 
 
Table 5.2. Allowed maximum content in diets (mg/kg) from 26-01-2004 onwards [1] 
 
Animal category Cu Zn 
Dairy cattle 35 150 
Piglets up to 12 weeks 170 150 
Other pigs 25 150 
Broilers 25 150 
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